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In connection with our investigation of fungal metabolites as biologically active agents, we isolated an open chain imide named coniothyriomycin (1) (Fig. 1 ) with remarkable antifungal activity from an unidentified Coniothyrium fungus1). In this communication, the synthesis of analogues with variation of the substituents on the aromatic ring and their biological activity were also presented. Unfortunately, these open chain mixed amides of phenylacetic and fumaric acid, in spite of excellent shortterm antifungal activity, did not show curative effects. One reason for this was the inherent instability of the imide functionality in the presence of nucleophiles such as water.
Therefore, in the hope to increase the chemical stability and retain or even increase antifungal activity, we extended our study to the preparation and biological testing of various analogues by (i) replacement of the substituted phenylacetic acids with substituted benzoic acids, (ii) change of hydrophobicity by variation of the alcohol component, (iii) variation in the degree of saturation of the fumaric acid moiety, (iv) replacement of carbon by nitrogen or oxygen in the middle part of the molecule, and (v) incorporation of the open chain part of the molecule into cyclic arrangements.
Results and Discussion
In the previous syntheses of coniothyriomycin analogues1) we used the method of SUHARA et al.2) starting from nitriles via the corresponding ethyl imidates. However, the yields using this method were poor (10-36%) and the workup of the dark brown reaction mixture was tedious. Our first efforts were therefore directed towards a simplification of the procedure. To that end, equivalent amounts of benzamide (2) were heated with the fumaric monoethyl ester chloride (3a) in toluene (Scheme 1). However, starting with a 1:1 ratio, only modest yields of the desired mixed imide 5 resulted and the mixed anhydride 4 was identified as the major side product.
Evidently, both theoretically possible reaction pathways a The method proved to be general and most of the mixed imides described in this paper were prepared using this simple procedure. However, in some cases it was advantageous to use the anion of amides such as 2. Also, the yields were generally higher starting with benzamide (2) than with phenylacetic acid amide (6a). The first series of compounds prepared were a number of mixed benzoic acid and fumaric ester open chain imides with variation in the substituents in the aromatic ring and the ester alcohol component. We wanted to see whether omission of the methylene group in 5a by replacement of phenylacetic acid in the coniothriomycin analogues1) with benzoic acid would preserve their antifungal activity. In addition, variation of the substituents from methoxy to fluoride or nitro groups as in 5b-5g (Fig. 2) would show the influence of electron density on biological activity.
Furthermore, the lipophilicity of the fungicide was increased in 5h by linking the n-octanyl ester of fumaric acid chloride to benzamide. The data and substituents of the mixed benzoic acid-fumaric ester imides 5a-5h are listed in Table 1 .
The next task was the variation in the degree of saturation in the fumaric ester part, starting from phenylacetic amide as well as benzoic acid amide. Omission of a methine group, e.g. the shift from fumaric ester to malonic ester, or replacement with benzoic acid (incorporating the double bond of fumaric acid into a ring system) was also in line with this type of variation and worth testing for fungicidal activity. The construction of the mixed imides 10-14 by coupling of amides 2 and 6a, b with the acid chlorides 7-9 is shown in Scheme 2, employing about two equivalents of the respective amides as outlined in Scheme 1. The phenolic imide 11c, as present in the natural product coniothyriomycin (1), was prepared by reaction of benzyl ether 6b with 7, followed by hydrogenolysis of benzyl ether 11b to 11c in order to evaluate the influence of a phenolic hydroxy group on activity.
Next, we investigated the replacement of carbon by 
Biological Studies
The tested synthetic coniothyriomycin analogues showed primarily control of plant diseases caused by representative fungi belonging to the class of Oomycetes, e.g. late blight on tomatoes caused by Phytophthora infestans or downy mildew on grape vine caused by Plasmopara viticola. The fungicidal activity was tested in vitro in 96-well microtitre plates and on intact plants in a greenhouse.
The change of the molecule fragment phenylacetic amide to benzoic amide in 5a to 5h retained the same good in vitro activity as the lead structure coniothyriomycin. 5a to 5d controlled P. infestans with ED90-values of less than 0.5ppm, 5e even with less than 0.125ppm. Some additional control of the causal organism of rice blast, Pyricularia oryzae, and of the causal organism of leaf blotch on wheat, Septoria tritici was observed for 5a to 5e with ED90-values of less than 2 and 8ppm respectively. The fungicidal in vitro activity could only partially be translated into in vivo activity in greenhouse tests on intact plants. Only 5f showed some initial protective control of P. infestans on tomatoes with additional initial good protective activity against P. viticola on grapes. The compounds 5d, 5g and 5h showed only some moderate control of P. viticola. The hydrogenation of the double bond in the fumaric acid fragment, which resulted in 10 and 11a, led to total loss of fungicidal activity both in vitro and in vivo. The other structural variations in the compounds 13 an 14 high humidity and at temperatures favourable for the development of the plant disease. After 4 to 7 days, the disease development on the untreated checks had almost covered the whole leaf area. At this point in time the trials were assessed.
Chemical Synthesis
For general methods and instrumentation see6).
Condensation of Amides with Acid Chlorides, General Procedure A and B Procedure A: To a boiling solution of the amide (10 mmol) in dry toluene (20ml) a solution of the acid chloride (5mmol) in toluene (5ml) was added dropwise. The mixture was refluxed overnight (TLC monitoring), the solvent was removed under reduced pressure and the residue was purified by column chromatography on silica gel (dichloromethane) and recrystallized from ether. For yields and mp of 5a-5h see Table 1 .
Procedure B: Alternatively, the sodium salt of the amide 
